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ABSTRACT 



A tachometer (32) monitors the speed of a continuously 
moving web or article (12). A lens (20) focuses an image 
of a portion of the web in an examination region (14) on 
image section (22) of a CCD array. As the web moves, 
the image moves correspondingly along the image sec- 
tion. A synchronizing circuit (C) adjusts the frequency 
of the tachometer output signal and uses it in lieu of a 
fixed frequency oscillator as the master clocking or 
timing basis for generating clocking pulses for the CCD 
array. More specifically, the synchronizing circuit gen- 
erates four phase clocking pulses (<f>lA-<f>4A) which 
shifts lines of CCD data along the image section at the 
same speed that the image is moving along the CCD 
section. In this manner, the pixel values integrate light 
from the same area of the imaged web at each shifted 
position along the image section. Each line of data from 
the image section may be shifted at the same rate 
through an optically light-insensitive storage section 
(24) and read out serially by shift registers (26) to form 
a video signal. A quality control analysis circuit (D) 
monitors the video signal for selected characteristics of 
the imaged web. Preferably, a record is maintained of 
the location of flaws and defects noted by the quality 
analysis circuit. 

19 Claims, 4 Drawing Sheets 
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the object position in the video field, but could also 
TIME DELAY AND INTEGRATION OF IMAGES result in different lighting conditions on the object. 
USING A FRAME TRANSFER CCD SENSOR These inaccuracies in the timing, positioning, and light- 

ing of the monitored objects all limited the degree of 
This application is a continuation-in-part of U.S. pa- 5 accuracy and the speed with which quality control 
tent application Ser. No. 186,446, filed Apr. 26, 1988. monitoring could be performed. 

BACKGROUND OF THE TNVFNTTDN In ^ quality 00111101 and monitoring method de- 

UACKGROUND OF THE INVENTION m pafent appIicatkm ^ No 186 446( 

The present invention relates to the video camera art. filed Apr. 28, 1988, a CCD device is asynchronously 
It finds particular application in conjunction with qual- 10 triggered at a controlled instant in time to "grab" a 
ity control and monitoring with video cameras, espe- moving object. The instant in time is synchronized with 
cially of continuous materia] processes, and will be the moving object's entry to a preselected examination 
described with particular reference thereto. It is to be point. A high intensity strobe is flashed concurrently 
appreciated that the invention may find other applica- with asynchronously triggering a CCD device to 
tions including document reading, photographic archi- 15 "grab" the moving object. While such a method has 
val recording, object tracking, video security, and the certain unique advantages, it requires a significant 
like. amount of power capacity to flash the high intensity 

Heretofore, quality control and monitoring has been light necessary for its functioning. The minimum cycle 
carried out with charge coupled devices (CCD) and time of the strobe limited the speed of the conveying 
other video cameras. In one method, a video output 20 system. 

signal was generated which included a long, continuous Although asynchronous triggering is applicable to 
series of video image fields. In a frame transfer CCD continuous web monitoring, some webs are advanced at 
camera, light from a continuous or pulsed source was such high speeds that the repower time of the strobe 
focused on an image section of a CCD sensor for a may limit the web advancement speed. Additionally, 
selected interval of time. The interval was selected to 25 inspection of continuous webs with cameras producing 
produce good image contrast without significant blur- a series of individual fields that requires matching the 
ring of the image due to object motion. The charge on tops and bottoms of adjacent fields to provide a single, 
each element of the image section was indicative of complete image of the web without gaps or overlaps, 
received light intensity. The charge was transferred Processes in which continuous webs are advanced in- 
during a vertical blanking interval, e.g. a few hundred 30 elude the fabrication of sheets and films of plastics such 
microseconds, into corresponding elements of an opti- as polyethylene, MYLAR, cellophane and vinyl, met- 
cally insensitive CCD mass storage section. As the als, glass, plywood, paper and other wood pulp prod- 
image section again commenced integrating received ucts, fabrics, printing of newspapers, magazines, wallpa- 
light, the charge was read out element by element from per, packaging, etc., lamination of plastics, composites, 
the optically insensitive elements to form a video signal 35 paper, etc., coating of plastics, metals, etc. with paint, 
representing one field of the resultant image. After the magnetic particles, abrasives, adhesives, photographic 
l/60th of a second or other selected read out interval, emulsions, electrically conductive materials, etc., and 
the charge representing the second field was transferred embossing, cutting, slitting, perforating, etc. of any of 
from the image section to the storage section. As the the aforementioned raw or processed materials, 
second field was read out of the storage section, the 40 Previous inspection of continuous web materials was 
second video signal image section started integrating carried out using either CCD cameras in the raster-scan 
light to form a third field. This sequence was repeated mode with stroboscopic Ulumination or by using line- 
cyclically to form a video signal representing a series of scan cameras with intense continuous illumination. Line 
single image fields. scan cameras were constructed with a single row of 

Continuous production of image fields rendered 45 photosensitive areas or sensors. A large amount of il- 
CCD cameras awkward to adapt for certain high vol- lumination was necessary to produce usable signals 
ume quality control situations. As a continuous sheet or from the sensor. Because the sampling of the single line 
individual object was moved past the CCD camera, the of sensors was controlled by an external clock, there 
resultant video signal represented a long series of image were gaps or overlap in the monitored web, depending 
fields. In order to review the images of each object to 50 on the speed of the web. 

monitor for a controlled characteristic, it was first nec- Both the raster-scan and the line scan cameras cre- 
essary to determine which portion of the video signal ated distortions in the image data. In the case of the 
included the field(s) which represented the monitored raster-cameras, the top and bottom edges of the images 
individual object or portion of the continuous sheet. had to be found and the overlap or missed material 
Second, it was necessary to determine within the field 55 corrected. In the case of line-scan cameras, the incre- 
the actual location of the monitored object or sheet ment of material covered by each scan could be differ- 
portion. When increased lighting was necessary, the ent if web speed changed. 

actuation of a strobe light was coordinated with the Even if the line-scan and raster-scan cameras were 
field of interest If the strobe light was not completely synchronized with the moving web, problems still re- 
coincident with a common location of the object or 60 mained. In the case of the raster-camera, the top and 
sheet portion within the field(s) of interest, lighting bottom edges still had to be matched and high power, 
intensities and object shapes would vary among the stroboscopic illumination was required. In the case of 
fields of interest for each object or sheet portion. If the line-scan cameras, the time that the line of photodiodes 
stream of objects or sheet was moving rapidly com- was exposed to light was very short. Accordingly, very 
pared with l/60th of a second or other one field expo- 65 brilliant illumination was required. The light require- 
sure time, then each object would be in a different posi- ments, whether stroboscopic or high intensity, became 
tion within the selected field of interest. This different so burdensome that the maximum speed of the web 
positioning of the object not only required identifying material was limited. 
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The present invention contemplates a new and im- monitors the moving object by focusing an image of the 

proved video camera system and method which over- moving object on an opto-electric transducer. As the 

comes the above referenced problems and others. object moves, the image moves correspondingly along 

SUMMARY OF THE INVENTION the transducer A synchronizing control means C syn- 

5 chronizes and coordinates movement of the object and 

In accordance with one aspect of the present inven- conversion of the image into an electronic video signal 

tion, a synchronously controlled CCD camera is pro- by the camera. Specifically, the transducer samples the 

vided. A lens focuses light from an examination region same element or pixel of an image several times. The 

onto the elements of an image section of a CCD light synchronizing means causes the multiple samplings 
sensor array. A control means sends clock pulses to an 10 corresponding to the same pixel of the image but sam- 

image section and a storage section of the CCD camera. pled at different regions of the transducer to be inte- 

The clock pulses cause pixel charges indicative of cu- grated. The synchronizing means preferably adapts the 

mulative light received by light sensors in the image sampling of the transducer to movement of the object, 

section to move down the image section into the storage However, in some applications it is advantageous to 

section synchronously with movement of the monitored 15 vary the speed of the object to match the sampling of 

subject. Additional clock pulses control transferring the transducer. A quality control analysis means D 

pixel charges out from each element of the storage analyses the video signal for flows, defects, or other 

section to produce a serial video signal. characteristics of the web and denotes their locations. 

In accordance with a more limited aspect of the in- With continuing reference to FIG. X and further 
vention, a synchronization means synchronizes the 20 reference to FIG. 2A, the conveying means A includes 
clocking of the pixel charges down the image and stor- a conventional conveyor 10 for moving object 12 
age sections of the CCD array with the movement of a through the examination region 14. The nature of the 
monitored web or objects. The synchronization is such conveyor is dependent on the object to be transported, 
that the imaged area of the product impressed upon the as is known in the art. In the preferred embodiments! 
light sensor area is superimposed upon the light values 25 the conveyor includes rollers for a continuous web of 
representing the same area of image previously moni- floor coverings, wall paper, or other finished sheet 
tored throughout the integration period. That is, as goods. The continuous web may include polymeric 
movement of the object causes the image of a prese- films such as MYLAR, CELANAR, KAPTON, vinyls, 
lected object portion to move along the CCD array, the plywood, paper products, etc. Alternatively, the con- 
clock pulses shift the corresponding electronic light 30 veyer may include a belt for carrying the articles. Op- 
value or charge the equivalent distance and direction tionally, the conveyor may have pockets, recesses, or 
along the CCD array. clamps for fixing the position of each received object on 

A first advantage of the present invention is that it the belt, 

consumes less electrical power than systems using high The camera B includes an optical system, such as a 

intensity flashes to illuminate the object. 35 lens 20, which focuses light received from the examina- 

Another advantage of the present invention is that it tion region on a light sensitive area 22, preferably a 

permits monitoring under lower levels of lighting and bidirectional array of CCD elements. The lens focuses 

non-flashed lighting. light emanating from the examination region continu- 

Another advantage of the present invention is that it ously onto the light sensitive area or image section of 

allows for monitoring of a continuous web process 40 the optoelectrical transducer. The resolution of the 

without overlapping. Identifying and recognizing the resultant image is determined by the number of CCD 

overlap between frames is eliminated. elements in each dimension. The more elements, the 

Yet another advantage of the present invention is that finer the resolution. A typical video camera might have 

it refreshes pixel light values representing light received a 244 x 610 element array. For color, a third of the 

by light sensors, throughout the integration period. 45 elements have a green filter, a third have a blue filter 

Still further advantages of the present invention will and a third have a red filter, or any other three color 

become apparent to those of ordinary skill in the art filter combination as is conventional in the art 

upon reading and understanding of the following de- In conventional frame transfer CCD cameras the 

tailed description. data is periodically shifted from the image section 22 to 

BRIEF DESCRIPTION OF THE DRAWINGS 50 a Hght shielded storage section 24 during a vertical 

~ * . . , , flyback period which erases or resets each element of 

me present invention may take form in various com- the CCD image section. In the TDI mode, the vertical 
ponents and arrangements of components or in various flyback signals are defeated. The image section and 
steps and arrangements of steps. The figures are only for storage section transfer are both connected the synchro- 
purposes of illustrating a preferred embodiment and are 55 nizing means C to which step lines of pixels continu- 
n °4£ « c . onstru ? d 35 the invention. ously at a line frequency rate to output registers 26. The 
* 1 w a diagrammatic illustration of a quality synchronizing means controls the lines or rows of the 
control system in accordance with the present inven- photosensors 22, 24 in such a way that the accumulated 
d0 £ i£r ^ a « j ^ i , chargc * moved m synchronization with the light pat- 
a fvT-ii • * ? together are a more 60 tern impinging upon the photosensors from the movine 
detailed illustration of the system of FIG. 1. web. Tnat is, as the web moves some small increment, 

DETAILED DESCRIPTION OF THE the charge is shiftcd onc row to foUow thc motion. If 

PREFERRED EMBODIMENT therc for exam P le » 256 r ° w $ of photoelements, then 

w;tKr - . ttt/-> * m the total exposure time for each small area of the image 

With reference to FIG 1, conveying means A moves 65 will be 256 times as long as a single row imager or line 

a continuous web or other object(s) to be examined scan camera. Because each incremental element of the 

through an examination region at an adjustable speed. A moving web is imaged 256 times, once in each row, the 

CCD camera or opto-electncal transducer system B web may move 256 times faster or the intensity of illum- 
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ination may be reduced by 256. This technique, of 
course, can also be applied to interline-transfer CCD 
imagers with the use of more complex support circuitry. 
For example, when the web has a spot or blemish which 
passes through the examination region, the image of the 5 
spot is progressively transferred or shifted along the 
light sensitive area into the storage section 24. 

That is, the charge values are shifted from row to row 
along the CCD array in precise synchronization with 
movement of the object being imaged and its image on 10 
the CCD array. For example, if the lens 20 focuses a 1 
niillimeterXl millimeter area of the object on each 
element of the CCD array, then each time the object 
moves 1 millimeter, the pixel or integrated light values 
are shifted one row or line in the CCD array. In this 15 
manner, subsequent images on the CCD array superim- 
pose directly on shifted previous images. By the time an 
image value or line of image values reaches the opti- 
cally insensitive storage section 24 of the sensor, the 
optic information from the object has been integrated 20 
over the entire transfer period (1/10 seconds, for exam- 
ple). With the 244 x 610 CCD array, each pixel value 
represents the sum of light received at each of 244 CCD 
elements. The synchronization means C keeps moni- 
tored object movement and the image sensor transfer 25 
process in precise synchronization. In the preferred 
embodiment, the speed of the conveyor rollers, drive 
motors, or the like is converted by the synchronization 
means into clocking signals for the CCD array. Alterna- 
tively, signals from clocking electronics in the camera 30 
may readjust and control the speed of the drive motors 
of the conveyor. 

With combined reference to FIGS. 2A and 2B f clock- 
ing electronics 30 receives a trigger signal tt from a 
conveyor speed sensor or tachometer 32 and produces 35 
clock pulses <f>lA-cf>4A and <(>lB-<f>4B to clock the 
CCD array at a corresponding rate. More specifically, 
the trigger signals control the frequency of an image 
section transfer clock or means 34, which supplies the 
clock signals to a light image sensor section control 40 
means 22a and a storage section control means 24a. The 
light image sensor control means 22a causes the charge 
of each image element or row of elements of the image 
section 22 to be shifted. More specifically, the four 
phase image section transfer clock signal <£lA-<f>4A 45 
shifts the charge line by line. After just about 244 pulses 
or shift commands in the illustrated 244 active line 
image section embodiment, a line of charge values has 
been shifted 244 lines from the first line of the image 
section into the storage section 24. 50 

The clocking signals are selected such that the image 
transfer is synchronized with the movement of the con- 
veyor. The controller C conveys identical transfer 
clock pulses <J>lB-<f4B to the storage section control 
means 24a as sent to the image section control means 55 
22a to cause the data from the storage section 24 to be 
shifted line by line into the shift registers means 26. To 
enable the camera to operate in either a conventional 
field mode or the time delayed integration mode, the 
storage section is the same size as the image section. If 60 
the camera is limited to the time delayed integration 
mode, the storage section may be much smaller or even 
eliminated. 

For a color video image rendition, a red shift register 
26r t a blue shift register 26b, and a green shift register 65 
26^ are provided. Once a line of pixel or integrated light 
values have been transferred from the storage section 24 
to the shift registers, a shift register clocking means 36 



sends higher speed three phase shift register clock sig- 
nals <J>lC-</>3C to a shift register controller 26a. The 
shift registers serially step each charge or data value 
onto video signal output lines 40 before the next line is 
loaded into the shift registers from the storage section. 
Thus, between image or storage section transfer clock 
pulses, a number of shift register clock pulses equal to 
the number of elements per line are generated to clock 
out red, green, and blue output signals. 

With continuing reference to FIG. 2A and further 
reference to FIG. 2C, feedback amplifiers 42 combine 
each of the three color output signals with a feedback 
signal which establishes a DC reference level to mini- 
mize the interfering effects of clock noise. A gain ad- 
justing amplifier means 44 adjusts the gain of all three 
signal components correspondingly. A black and whi- 
te/color mode selecting means 46 selects whether a 
black and white or color composite video signal is to be 
produced in accordance with whether a color or black 
and white image section 22 is provided in the camera. 

If a black and white image is selected, a summing 
means 50 sums the three color components correspond- 
ing to each pixel and feeds the data to a first video signal 
processing channel 52. The video channel includes an 
impedance adjusting amplifier 54 for providing a low 
impedance output signal. A band pass filter 56 removes 
any vestiges of clocking signal noise or the like. A user 
controlled gain amplifier 58 amplifies the signal from 
the band pass filter and passes it to a clamping means 60 
which restores the DC video. At the end of each hori- 
zontal sweep line, the clamping means shorts to a DC 
reference level to restore a DC level that sets the black 
level of the resultant image. A synchronization informa- 
tion means 62 switches between lines to reference volt- 
ages to add blanking and horizontal synchronization 
information to the signal. A feedback circuit 64 feeds 
back a portion of the composite video signal to provide 
a phase sensitive detection of the clocking to establish 
the DC level that minimizes the clock noise. 

If a color output is selected, then the switching means 
46 connects two components of the output signal to 
analogous video processing channels 52', 52". By con- 
vention, the synchronization means 62 only adds syn- 
chronization information to one, generally the green, 
video component Preferably, the feedback signal also is 
based on a single one of the components. The video 
processing circuitry is stable to better than one part in 
256 to enable precision digitizing and digital signal pro- 
cessing of the resultant video signal. 

The quality control analysis means D receives the 
composite video signal and operates on it in a manner 
that is appropriate to the quality control function under- 
taken. For example, the analysis means D may turn the 
composite signal into a man-readable video image. Al- 
ternately, the analysis means may examine components 
of the video signal corresponding to selected regions to 
determine whether they meet preselected characteris- 
tics relative to each other, preselected standards, or the 
like. 

Looking by way of example to monitoring a continu- 
ous web of solid color material, the image of the web 
may change in gray scale or color relative to the rest of 
the web image. The change may be the result of color 
changes in the web or surface deformates that alter the 
amount of reflected light. The pixel values of the video 
signal of the web are compared with a preselected gray 
scale characteristic or value to determine if the web is 
deformed or damaged beyond selected tolerances. If the 
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web has a repeating pattern, the image or video signal is A processor 90 replaces the multi norm pulse pattern 

compared with corresponding standards which change generator in the time delayed integration mode of the 

cyclically with the pattern to determine whether the preferred embodiment. A frequency adjusting means 

web has been accurately processed. If the web is moni- 92, e.g. a frequency doubler, adjusts the master clock 

tored in color, each image or pixel value of the video 5 frequency as is appropriate to the number of lines of 

signal is compared with one of a plurality of colorimet- elements in the CCD array, the size of the examination 

ric standards in accordance with a location within the region, and the magnification reduction of the camera 

pattern. Alternately, color or other physical parameters optic system. A counter W counts the clock pulses 

may be used to sort various types or grades of products. whose frequency is determined by the tachometer 32. 

Numerous other sorting, quality control, and accep- 10 with the illustrated 244 line CCD image section, a di- 

tance algorithms may be implemented as are appropri- vided by 6 counter is utilized such that each increment 

ate to the requirements of the objects being examined. of the count (up to 244) causes the clock signal to shift 

The synchronizing means C further includes a 22.657 the pixel values one line. A TDI wave generator 96 and 

MHz internal crystal oscillator 70 for defining the a logic circuit 98 are addressed by the six bit signal to 

image section transfer clock pulses in a normal inter- 15 create and step the four phase clock signal in accor- 

leaved frame video mode. In the time delayed integra- dance with counted value. The timing of the clock 

tion mode of the present invention, the trigger signals t/ signal is such that the pixel values shift or step along the 

from the tachometer 32 replace the crystal accelerator image and storage sections synchronously with the 

as the timing basis. The tachometer in the illustrated movement of the web. More specifically, the generator 

embodiment includes a light which shines through aper- 20 and logic circuit create a pair of four phase clock signals 

tures of a disc attached to a guide roller that rotates analogous to the MNPPG clock signals for shifting lines 

with the conveying means and impinges on a photocell of data from the storage section into the shift register 

The photocell sends a trigger pulse t,each time an incre- but without the pause for vertical blanking. In the pre- 

mental length of the continuous web product has passed ferred embodiment, the shifting is also at a slower speed 

through the examination region. In this manner, the than conventional. The three phase clock signal for the 

trigger signal t,- has a frequency that is proportional to shift register is essentially the same as created by the 

the web speed. The frequency of the trigger signal is MNPPG. After the count reaches the number of lines in 

adjusted by the synchronization means to provide the the image section, the logic circuit 98 rests the counter 

timing of the transfer clock signals <J>1A-<HA, 30 94. A multiplexor 100 conveys the continuous four 

4>lB-<f>4B, sent to the image section control means 22a, phase clock signals to vertical drivers 102 and 104 for 

and storage section control means 24<z. The frequency the image and storage sections respectively. The out- 

of the clock signals <J>1C-<J>3C send to the read out con- puts of the vertical drivers 102, 104 are continuous four 

trol means 26a remains substantially constant such that phase clock signals whose frequency and relative phas- 

the output signals are at a frequency and format that is 35 ing are determined by the tachometer 32. 

compatible with EIA-170 television signal standards The preferred embodiment can be operated either in 

regardless of the speed of the web. With particular the above described time delay integration mode or as a 

reference to FIG. 2B, high frequency detector 72 dis- conventional video camera. When the time delayed 

ables crystal oscillator 70 to synchronize the CCD cam- integration mode is selected, an approximate input on 

era with an external master clock signal, e.g. the trigger 40 the vertical driver input 82 causes a mode select means 

signal or other signal indicative of web movement. The 106 to cause the multiplexor to send the above de- 

tngger signal is frequency adjusted to dividers 74, 76 to scribed TDI clock sequences to the vertical drivers 102, 

adjust a sync or master clock frequency generator 78. 104. An appropriate input on the horizontal drive input 

Initialization pulses are received by a horizontal drive 80 initializes the six bit counter. When the conventional 

input 80 and vertical drive input 82. The sync generator 45 frame mode is selected, conventional horizontal and 

78 synchronizes the horizontal and vertical drive pulses vertical drive signals are applied at inputs 80, 82 which 

with the master clock signal. enables the mode select means to cause the multiplexor 

A multi norm pulse pattern generator (MNPPG) 84 is to pass the conventional clocking output of the 

controlled by the sync generator and the vertical and. MNPPG 84. 

horizontal drive signals to provide clock signals for the 50 The outside master clock signal is also reduced by a 
image section, storage section, and shift register of a three phase clock divider 110. A clock mix means 112 
conventional CCD video camera operation in a field or coordinates the three phase clock signals from the three 
frame mode. Commonly, a first four phase clock signal phase clock divider 110 with the four phase image trans- 
is provided for the image section; a second four phase fer clock signal. A voltage shift means 114 matches the 
clock signal is provided for the storage section; and a 55 three phase clock signal voltage with the video output 
three phase clock signal is provided for the shift regis- shift register control 26a. 

ters. The multi-norm pulse pattern generator also pro- The invention has been described with reference to 
vides transfer gate pulses TGI, optical blanking and the preferred embodiment Obviously, modifications 
clamping pulses, and start and stop pulses to reset the and alterations will occur to others upon reading and 
three phase clock. ^ understanding the preceding detailed description. For 
However, as indicated above, m the time delayed example, as previously stated signals from the clocking 
m r tC F a ^ m ' C pUcl VaIues m only the first ^ controller electronics may be used to control the speed 
of the CCD array are refreshed each time. These pixel of the conveyor system. It is intended that the invention 
values are shifted along both the image and storage be construed as including all such alterations and modi- 
sections at a selectable speed and received light at each 65 fications insofar as they come within the scope of the 
position is integrated. This is as opposed to the rapid appended claims or the equivalents thereof 
transfer of pixel values from the image region to the Having thus described the preferred embodiment the 
storage region once per field in conventional operation. invention is now claimed to be- 
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1. A method of quality control comprising the steps (a) transferring pixel values from the light sensing 
of: array to the storage array; and, 

(a) moving an object to be examined through an ex- (b) serially transferring the pixel values from the 
amination region; storage array to the output register. 

(b) monitoring the movement of the object; 5 9. The method as set forth in claim 8 further including 

(c) iUuminating the object as the object moves adding blanking and synchronization signal components 
through the examination region; to the video signal. 

(d) shifting lines of data values indicative of portions 10. The method as set forth in claim 7 wherein the 
of the object along a sensor array in coordination image sensor includes a CCD array which has a light 
with the monitored object movement; 50 sensing array and a storage array and the object is a 

(e) integrating the data values indicative of the same continuous web and wherein the step of shifting the 
portion of the object as the lines of data values are values includes: 

shifted along the sensor array; shifting the pixel values along the CCD array in pro- 

(0 reading the integrated data values from the sensor portion to movement of the continuous web, such 

array to produce an image output representing a 15 tnat subsequent sensing of the object superimposes 

continuous view of the object; and, P™1 values corresponding to a common area of the 

(g) deterrnining at least one characteristic of the ob- continuous web. 

ject from the image output. '^ ne metn °d as set forth in claim 10 further repeat- 

2. The method as set forth in claim 1 wherein the m S ^ superimposing step a plurality of times, until the 
illuminating step includes illuminating the object with a 20 P lxel values are transferred into the storage area, 
constant light source. ^* ^ ne method as set forth in claim 11 further includ- 

3. The method as set forth in claim 1 wherein the step mg shiftin S P^ 1 values along the light sensing ar- 
of monitoring movement of the object includes generat- ray » transfemn S th e pad values from the light sensing 
ing a control signal and in the step shifting the inte- X ? the storage array 80(1 shlftm S the P ixel values 
grated data values, controlling the shifting with the 25 a on S the borage array to the shift register at the same 
control signal. clocking speed. 

4. The method as set forth in claim 1 further including 13 " A vldeo system c r om P risin g : . 

the step of synchronizing the shifting of the integrated a conve y in 8 means for transporting an object to be 

data values with the movement of the object. „ exammed though an examination re gl on; 

5. The method as set forth in claim 4 wherein the step 30 svstem / or focusin S from th * examma- 
of synchronizing the shifting of the integrated sensed ^Lhf^lfw ZZ^ "ZT I " ^ 
values includes adjusting movement of the object. ? "^^^^^^^^^ 

6. The method as set forth in claim 4 wherein the t0 ^ ^ m i ? i * T** Sy ? em t0 
^ • * j • ' . . , , produce individual pixel values that are indicative 

monitoring step includes generating a control signal 35 ^ „ amount f H £ 

I?Slud« SifrLrnr^^ f r ChX * 0mZ ?% a transfer mea * s for shifting the pixel values across 

11 S^!^^5 ° ^ f the U « ht sensitive elements as optical system 

7 rSh^S^^^ i 6 Sl T 1S ; continue3 *> focus U S ht fr om the examination re- 

7. A method of quality control comprising the steps gion onto the ^ section> the Ught 

r»\ ™ «•„ w • ^ t_ 40 elements each modifying the pixel value shifted 

(a) moving an object to be examined through an ex- theret0 in accordance * ith t £ amount of H ht 
animation region; received- 

(b) iUuminating the object with light from a continu- a control means for controlling the transfer mean$ 
ous hgh source, as the object moves through the such that the pixel values m shifted m synchroni . 
examination region; 45 zation with movement of the conve ying means; 

(c) projecting an image of the moving object onto an a means for creat ing a video signal from the pixel 
array of image sensor elements, each element mte- values 

grates light projected thereon into a corresponding 14 . ^ system 35 set forth in claim 13 further indud- 

pixel value, the image moving across the image ing a storage sec tion connected with the image section 

W1 * mov< « of the object; 50 for receiving pixel values therefrom and wherein the 

(d) shifting the pixel values along the image sensor contro i mea ns causes the transfer means to transfer pixel 
elements, each element continuing to integrate values from the image section to the storage section in 
light projected thereon into the pixel value shifted synchronization with the conveying means movement 
therealong; and to transfer the pixel values serially from the storage 

(e) synchronizing the movement of the object 55 section to create the video signal. 

through the examination region and the shifting of 15. The system as set forth in claim 14 further includ- 
the pixel values along the image sensor elements ing a means for connecting the image and storage sec- 
such that each pixel value represents light pro- tions with a common clocking means such that pixel 
jected from a corresponding portion of the object values in the image and storage sections are shifted at a 
integrated by a plurality of the sensor elements; 60 common rate. 

(f) serializing the pixel values to produce a video 16. The system as set forth in claim 13 wherein the 
signal representing a video image; and, control means includes a clock generator for generating 

(g) monitoring the video signal for at least one char- clock pulses for controlling shifting of pixel values 
acteristic of the object. across the image section. 

8. The method as set forth in claim 7 wherein the 65 17. The system as set forth in claim 16 wherein the 
image sensor includes a CCD array which has a light control means further includes a monitoring means for 
sensing array and a storage array and wherein the step monitoring speed of the conveying means, the clock 
of reading pixel values includes: generator being connected with the monitoring means 
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such that a frequency of the clock pulses is controlled in 
accordance with the monitored conveyor speed. 

18. A quality control system comprising: 

a conveying means for conveying a continuous web 
contiguous to a region of interest; 5 

a two dimensional CCD array having a plurality of 
lines of light sensitive elements for accumulating 
lines of pixel values, each pixel value indicative of 
an accumulated amount of light received; 

a serializing means for serializing pixel values of each 10 
line from the CCD array into a video signal at a 
rate controlled by a received first clocking signal; 

a line shift means for shifting the lines of pixel values 
along the CCD array to the serializing means at a 
rate controlled by a received second clocking sig- 15 
rial; 

a clock means for generating the second clock signals 
to control the rate at which the lines of pixel values 
are transferred along the CCD array; 

a synchronizing means operatively connected with 20 
the conveying means and the clock means for syn- 
chronizing the transfer of the lines of pixel values 
along the CCD array with the movement of the 
conveying means such that each pixel value re- 
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ceives light from the same region of the continuous 
web as the lines of pixel values are shifted along the 
CCD array; 

a monitoring means for monitoring the video signal 
for at least one preselected characteristic; and, 

a recording means for recording an indication of 
locations along the continuous web at which the 
preselected characteristic is monitored. 

19. A video monitoring method comprising: 

conveying a subject through an examination region; 

illuminating the subject as it moves through the ex- 
amination region and focusing light reflected there- 
from on an array of CCD elements, each element 
modifying an accumulated charged value thereon 
in accordance with an amount of light focused 
thereon; 

shifting the charge values across the array of CCD 
elements, each element modifying the charge value 
thereon in accordance with light focused thereon; 

synchronizing movement of the subject through the 
examination region and the shifting of the charge 
values along the array of CCD elements; and, 

creating a video signal from the charge values. 
***** 
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[57] ABSTRACT 

A tachometer (32) monitors the speed of a continuously 
moving web or article (12). A lens (20) focuses an image 
of a portion of the web in an examination region (14) on 
image section (22) of a CCD array. As the web moves, 
the image moves correspondingly along the image sec- 
tion. A synchronizing circuit (C) adjusts the frequency 
of the tachometer output signal and uses it in lieu of a 
fixed frequency oscillator as the master clocking or 
timing basis for generating clocking pulses for the CCD 
array. More specifically, the synchronizing circuit gen- 
erates four phase clocking pulses (<{>1 A-<t>4A) which 
shifts lines of CCD data along the image section at the 
same speed that the image is moving along the CCD 
section. In this manner, the pixel values integrate light 
from the same area of the imaged web at each shifted 
position along the image section. Each line of data from 
the image section may be shifted at the same rate 
through an optically light-insensitive storage section 
(24) and read out serially by shift registers (26) to form 
a video signal. A quality control analysis circuit (D) 
monitors the video signal for selected characteristics of 
the imaged web. Preferably, a record is maintained of 
the location of flaws and defects noted by the quality 
analysis circuit. 
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REEXAMINATION CERTIFICATE 
ISSUED UNDER 35 U.S.C 307 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

Matter enclosed in heavy brackets [1 appeared Id the 
patent, but has been deleted and is no longer a part of the 
patent; matter printed in Italics indicates additions made 
to the patent. 

AS A RESULT OF REEXAMINATION. IT HAS 
BEEN DETERMINED THAT: 

The patentability of claims 7-19 are confirmed. 

Claim 1 is determined to be patentable as amended. 

Claims 2-6 dependent on an amended claim, are de- 
termined to be patentable. 

New claims 20-23 are added and determined to be 
patentable. 

1. A method of quality control comprising the steps 
of: 

a) [moving] conveying an object to be examined 
through an examination region on a continuous 
conveying means; 

b) monitoring the movement of the object; 

c) illuminating the object as the object moves 
through the examination region; 

d) shifting lines of data values indicative of portions 
of the object along a sensor array in coordination 
with the monitored object movement; 

e) integrating the data values indicative of the same 
portion of the object as the lines of data values are 
shifted along the sensor array; 

0 reading the integrated data values from the sensor 
array to produce an image output representing a 
continuous view of the object; and, 

g) determining at least one characteristic of the object 
from the image output. 

20. A method of quality control comprising the steps of: 

a) moving an object to be examined through an exami- 
nation region; 

b) monitoring the movement of the object for velocity 
changes; 

c) illuminating the object as the object moves through the 
examination region; 

d) changing in real time a rate of shifting lines of data 
values indicative of portions of the object along a sen- 
sor array in coordination with the monitored velocity 
changes; 

e) integrating the data values indicative of the same 
portion of the object as the lines of data values are 
shifted along the sensor array; 

f) reading the integrated data values from the sensor 
array to produce an image output representing a con- 
tinuous view of the object; and, 



g) determining at least one characteristic of the object 
from the image output 

21. A method of quality control comprising the steps of: 

a) moving a continuous web to be examined through an 
5 examination region; 

b) monitoring a speed of movement of the continuous 
web through the examination region; 

c) illuminating the continuous web as the continuous 
web moves through the examination region; 

10 d) shifting lines of data values indicative of portions of 
the continuous web along a sensor array in coordina- 
tion with the monitored continuous web speed; 

e) integrating the data values indicative of the same 
portion of the continuous web as the lines of data 

IS values are shifted along the sensor array; 

f) reading the integrated data values from the sensor 
array to produce an image output representing a view 
of the continuous web; and, 

g) determining at least one characteristic of the continu- 
20 ous web from the image output. 

22. A method of quality control comprising the steps of: 

a) moving an object to be examined through an exami- 
nation region; 

b) monitoring the movement of the object; 

25 c) illuminating the object as the object moves through the 
examination region; 

d) shifting lines of data values indicative of portions of 
the object along a sensor array in coordination with 
the monitored object movement; 

30 e) integrating the data values indicative of the same 
portion of the object as the lines of data values are 
shifted along the sensor array; 

f) reading the integrated data values from the sensor 
array to produce an image output representing a con- 

35 tinuous view of the object; 

g) converting the image output into a video signal; and, 

h) determining at least one characteristic of the object 
from the video signal. 

23. A method of quality control comprising the steps of: 
40 a) moving an object to be examined through an exami- 
nation region along a path perpendicular to a field of 
view of a time delay and integration mode video cam- 
era; 

b) monitoring the movement of the object; 
45 c ) illuminating the object as the object moves through the 
examination region; 

d) shifting lines of data values indicative of portions of 
the object along a sensor array of the time delay and 
integration mode video camera parallel to the object 

50 path in coordination with the monitored object move- 
ment; 

e) in real time, adjusting a rate of shifting the lines of 
data values along the sensor array in coordination 
with variations in the monitored movement of the 

55 object; 

f) integrating the data values indicative of the same 
portion of the object as the lines of data values are 
shifted along the sensor array; 

g) reading the integrated data values from the sensor 
60 array to produce an image output representing a con- 
tinuous view of the object; and, 

h) determining at least one characteristic of the object 
from the image output. 
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